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A bearing sensing device for use in an automatic vehicle guidance system has a lens, such as. a fish eye lens (50) or a 
spherical reflecting lens (60), having a substantial angle of view in elevation and almost a full 360° view in azimuth. Light 
from the lens (50, 60) is focused onto a substantially annular photo detector (54), which is connected to means for relating 
a focusing point (72) on the photo detector (54) to a reference axis. 
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AUTOMATIC VEHICLE GUIDANCE SYSTEMS 

The present invention relates to devices for use in automatic 
vehicle guidance systems. 

There are many known examples of automatic vehicle guidance 
systems involving the repeated movement of one or more vehicles . A 
5 simple example is the system used for the transfer of coal waste to 
slag heaps. More complicated systems are used in the movement of 
materials within factories and warehouses. However, these systems 
usually rely on rails or on fixed paths defined by, for example, buried 
guide wires, and are governed by inter alia, signals received from trip 
10 switches, photo-electric cells, or similar position sensors. The uses 
of such systems are therefore very inflexible, and are suitable only 
for the most routine type of task. 

There is a requirement for more flexible systems, and one such 
system is described in Patent GB 2129161B. This Patent describes a 
.2-5 flexible system whereby vehicles travel freely under the control of 

signals generated by computers in response to the detection by one or 
more fixed cameras of vehicle position, the vehicles being equipped 
with devices which transmit a frequency, such as an infra-red frequency, 
to which the camera or cameras respond. 
•20 With this type of system, if the cameras are situated at the same 

height as the transmitters on the vehicles, it is possible that certain 
vehicles will be masked from certain cameras at times. It is therefore 
advisable that the cameras be situated above the height of the vehicle 
transmitters* With this arrangement, however, the elevation of light 
25 entering the cameras is constantly varying, and may easily exceed the 
capabilities of a particular camera. 

It may also, in some instance, be desirable to have cameras mounted 
on the vehicles, and transmitters mounted at fixed positions. In this 
. case, with normal cameras, the vehicles can only be used on very flat 
30 surfaces so that pitch and roll of a vehicle does not prevent reception 
of signals. 

There is therefore a requirement for a device w^iich can be used in 
an automatic vehicle guidance system which has the capability to cope 
with variations of reception angle. 
35 According to the present invention a bearing sensing device for 

. use in an automatic vehicle guidance system includes a lens having 
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almost a full 360° view in azimuth and a substantial angle of view in 
elevation, a focusing device for focusing a beam of light from the lens 
on to a substantially annular photo detector, and means for relating a 
focusing point on the photo detector to a reference axis. 

- 5 The device is used, for example, in an automatic vehicle guidance 

system having a plurality of light emitting sources, henceforth 
referred to as beacons, and a plurality of bearing sensing devices. 
The beacons may be fixed, with the bearing sensing devices mounted on 
vehicles, in which case there will be a reference axis fixed relative 

10 to each vehicle ; alternatively the bearing sensing devices can be fixed 
with the beacons mounted on vehicles, in which case the reference axis 
will be fixed relative to- the bearing sensing devices. The beacons can 
advantageously be used in a sequentially pulsed fashion. 

A preferred photo detector is formed from a continuous P-N junc- 

!5 tion together with a highly uniform resistive sheet. Suitable material 
is commercially available. Material is formed into an annulus with 
electrodes deposited at each -end, forming a one-dimensional lateral 
effect photo-diode. When a point on the surface of this detector is 
exposed to light a photo-electric current is generated at the point. 

20*. xh e current divides and flows through the resistive layer to the 
electrodes, which are normally tied to a ground potential. 

The means for relating the focusing point to the reference axis 
preferably use a ratiometric converter which compares the ratio of 
currents flowing from the focusing point to each of the electrodes to 

25 define the position of the point on the annulus. The known fixed 

'relationship of the detector relative to the axis then allows a relation 
to be made between focusing point and axis. 

In one form of the device a "fish-eye" type of lens is used, 
positioned to give a field of view from approximately horizontal to 

30 almost vertical throughout almost a full 360° in azimuth, beams entering 
the fish eye lens being focused by a focusing lens onto the photo 
detector. 

In another form of the invention a spherical reflecting lens is 
used, light reflected therefrom being focused onto the photo detector. 

Some embodiments of the invention will now be described, by way of 
example only, with reference to the accompanying diagrammatic drawings * 
of. which: 
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used. 



Figure 1 shows a vehicle of the type with which the device may be 



20 



35 



Figure 2(a) and (b) show 2 environments in which the vehicle of 
Figure 1 can operate. 

5 Figure 3 and Figure 4 are block diagrams of guidance systems for 

vehicles operating in the environments of Fi gure 2(a) , Pigure 2(b) 
respectively. 

Figure 5(a) is detail of one embodiment of the invention. 
Figure 5(b) is a section through a field of view of the device 
10 illustrated in Pigure 5(a). 

Figure 6(a) is a detail of a second embodiment of the invention. 
Figure 6(b) is a section through a field of view of the device of 
Figure 6(a). 

Figure 7(a) is a plan view of a photo detector as used in the 
15 invention, and 

Figure 7(b) shows a potentiometric equivalent circuit for- the 
photo dectector of Pigure 7(a). 

A vehicle with which a device according to the invention can be 
used (Figure 1) has a body 10 mounted on wheels .11 driven and steered 
according to commands from a control, box 12. The vehicle 10 can 
operate in an environment (2) (a) in which a bearing sensing device 
according to the invention, 13, mounted on the vehicle receives signals 
from a plurality .of fixed beacons 14; or in an environment (2(b)) in 
which beacons 24 (shown in ditt.ed lines in Figure 1) mounted as far apart 
as possible on vehicle 10 send signals to fixed bearing sensing 
. devices 23. 

When operating in the environment illustrated in 2(a) the control 
unit 12 will typically contain (Figure 3) the bearing sensing device 
13 which sends signals to a beacon check unit 30 and to a ratiometric 
converter 31. The beacon check unit 30 sends a signal to a timer 
controller 32 which passes signals to the ratiometric converter 31 and 
to a computer 33 which also receives a signal from the ratiometric 
converter 31. The computer then" signals a pilot, unit 34 which controls ' 
the steering and driving of the wheels 11. The fixed beacons 14 send 
sequentially pulsed signals according to the' control of a flash timer 15. 

When operating in the environment of Figure 2(b) the control unit 
12 will typically contain (Figure 4) a radio receiver 40 which receives 
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signals from a transmitter 45 in a control unit 41 and which controls 
sequential flashing of beacons 24 and operation of a pilot unit 34, 
The ground control units contain a series of bearing sensing devices 23 
each of which sends signals to an associated beacon check 30 and ratio 
5 metric converter 31. A signal from the beacon check 30 passes to a 
master timer 42 which sends signals, to each ratiometric converter 31, 
to a master computer 43 and to a flash timer 44. The master computer 
43 receives signals from each ratiometric converter 31 and sends 
command signals* to a transmitter 45 which also receives signals from 

10 the flash timer 44, and which sends command signals to the receiver 40. 

In one form of the present invention a bearing sensing device 13, 
23 , ( Figure 5 ) ( a ) has an ultra-wide angle ( fish eye ) lens 50 directing a beam 
of light '51 from a beacon 14, 24 through a field stop 52 to a lens 53 
which focuses the beam onto an annular photo detector 54. A bearing 

15 sensing device of this type has a field of view (Figure 5(b)) 55 
extending from horizontal to within about 20° of the vertical. 

In a second embodiment of the invention (Figure 6(a)) a beam of 
light 61 from a beacon 14, 24 passes through a cylindrical window 62 
and is reflected by a spherical mirror 60 through a field stop 52 to be 

20 focused by a. lens 53 onto an annular photo detector 54 ♦ The cylind- 
rical window 62 must be robust as well as of good optical quality as it 
must support the field stop 52, lens 53, and photo detector 54 and 
associated structure (not shown in this figure) which must be situated 
above the spherical mirror 60. The field of view of this type of 

25 bearing sensing device (Figure 6(b)) extends from slightly below the 
horizontal to slightly less than vertical. 

The annular photo detector 54 (Figure 7(a)) is in the form of an 
annulus extending over almost 360 °. and is formed from a continous P-N 

30 junction together with a highly uniform resistance sheet. Electrodes 
70/ 71 are deposited on the ends of the annulus. In use, when a beam 
of light falls on a point 72 of the annulus 54 current passes to both 
electrodes 70 and 71, and by comparing these currents, in a manner 
analogous to that illustrated in 7(b) r the position 72 along the annulus 

35 can be identified. 

When one or more bearing sensing devices* according to the inven- 
tion are used on vehicles operating in an environment such as that 
illustrated in Figure 2(a) the beacons 14 sequentially emit flashes of 
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light under the control of the flash timer 15. Considering just one 
flash of light from one beacon and one vehicle 10 the bearing sensing 
device 13 on the vehicle 10 senses the flash of light and signals the 
beacon check 30 which checks (in a manner which forms no part of the 
5 current invention) which beacon sent the signal, and passes this 

information to the timer 32. A signal corresponding to the currents 
passing along the paths 72-70 and 71-70 is also passed to the radiometric 
converter 31 which calculates the position of the point 72 on the 
annulus 53 and compares this with the known position of an axis 16 of the 

10 vehicle 10 to give the bearing of the beacon 14 which is identified 
from the timer 32. This information is fed to the- computer 33 and 
stored. When 2, or more usually more than 2, beacon bearings are 
being stored by the computer it calculates the position of the vehicle 
10 and signals the pilot unit. 34 to make any necessary adjustments to 

15 the steering and speed of the vehicle 10. It will be realised that 
light must not be allowed to fall on the electrodes 70, 71 of the 
photo detector 53, hence there is a blind spot of r typically, 3° in the 
bearing sensing device 13 and hence there will usually need to be more 
than 2 beacons 14 -taken into consideration when calculating the 

20 position of the vehicle 10. 

When bearing sensing devices 13 are used in the environment of 
Figure 2(b), considering one vehicle 10 only, a signal from transmitter 
15 is received by receiver 40 -which relays the information of flash 
timer 44 to sequentially operate beacons 24 • Signals from the beacons 

25 24 are picked up by the array of bearing sensing devices 23, and 

information from, these is sent, by a manner similar to that described 
above with reference to the environment of Figure 2(a), to the 
computer 43 which works out the bearing of each beacon 24. The computer 
43 selects the most suitable beacon. bearings and thus computes the 

30 position and alignment (as the vehicle 10 has two beacons 24), of the 
vehicle 10 relative to a convenient set of co-ordinates. 

It Will be realised that operating in each of the environments 2(a) , 
(b) will have, its own advantages and disadvantages. For example in 
environment 2(a) the blind spot due to the electrodes 70, 71 on the 

35 photo detector 53 may be a disadvantage, but* this environment does not 
require the use of - a radio transmitter such as required in environment 
2(b), As each vehicle 10 has its own computer 33 this can be compara- 
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tively simple, compared with the Computer 43 of environment 2(b), On 
the other hand the arrangement of environment 2(b) enables the computer 
43 to store the positions and vector velocities of all vehicles 10 and 
arrange for collisions to be avoided. 
5 Also each of the devices described above with reference to 

Figures 5, 6 has its own advantages- The lens 50 might be expected to 
be more accurate than the spherical lens 60, but does tend to be much 
more expensive. 

It will be realised that whilst the bearing sensing devices have 
10 been described above as operating in 2 particular environments they may 
be equally valuable in other operating regimes . 
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Claims 

What is claimed is: 

1. A. bearing sensing device (13) for use in an automatic vehicle guidance 
system characterised in including a lens (50, 60) having almost a full 360° 
view in azimuth and a substantial angle of view in elevation,, a focusing 
device (53) for focusing a beam of light from the lens on to a substantially 
annular photo detector (54) and means for relating a focusing point (72) on 
the photo detector (54) to a reference axis. 

2. A bearing sensing device (13) as claimed in Claim 1 characterised in 
that the lens (50) is of . the "fish-eye" type. 

3. A bearing sensing device (13) as claimed in Claim 2 characterised in 
that the lens (50) is positioned to give a field of view in elevation from 
approximately horizontal to almost vertical. 

4. A bearing sensing device (13) as claimed in Claim 1 characterised in 
that the lens (60) is a spherical, reflecting. Xens... . , . . 

5. A bearing sensing device as claimed in Claim 4 characterised in 
having a field of view in elevation from slightly below horizontal to 
slightly less than vertical - 

6. A vehicle guidance system having a plurality of. bearing, sensing, 
devices (13) as claimed in any one of Claims 1 to 5. 

7- A vehicle guidance system as claimed in Claim 6 where the bearing 
sensing devices are at- fixed positions. 

8. A vehicle, .guidance system as claimed in Claim 6 wherein the bearing 
sensing devices (13) are mounted on vehicles (10). 
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